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Objective: The goal of this study was to evaluate the effects of creatine (Cr) supplementation on
oxidative stress and inﬂammation markers after acute repeated-sprint exercise in humans.
Methods: Twenty-ﬁve players under age 20 y were randomly assigned to two groups: Cr supple-
mented and placebo. Double-blind controlled supplementation was performed using Cr (0.3 g/kg)
or placebo tablets for 7 d. Before and after 7 d of supplementation, the athletes performed two
consecutive Running-based Anaerobic Sprint Tests (RAST). RAST consisted of six 35-m sprint runs
at maximum speed with 10 sec rest between them. Blood samples were collected just prior to start
of test (pre), just after the completion (0 h), and 1 h after completion.
Results: Average, maximum, and minimum power values were greater in the Cr-supplemented
group compared with placebo (P < 0.05). There were signiﬁcant increases (P < 0.05) in plasma
tumor necrosis factor alpha (TNF-a) and C-reactive protein (CRP) up to 1 h after acute sprint
exercise in the placebo-supplemented group. Malondialdehyde, lactate dehydrogenase (LDH),
catalase, and superoxide dismutase enzymes also were increased after exercise in both groups. Red
blood cell glutathione was lower after exercise in both groups. Cr supplementation reversed the
increase in TNF-a and CRP as well as LDH induced by acute exercise. Controversially, Cr supple-
mentation did not inhibit the rise in oxidative stress markers. Also, antioxidant enzyme activity
was not different between placebo and Cr-supplemented groups.
Conclusion: Cr supplementation inhibited the increase of inﬂammation markers TNF-a and CRP, but
not oxidative stress markers, due to acute exercise.
 2013 Elsevier Inc. All rights reserved.Introduction
Since Harris et al [1] demonstrated that creatine (Cr)
supplementation increases muscle Cr and phosphorylcreatine
(PCr) content, Cr has become the most popular supplement
proposed as an ergogenic aid [2]. This use reﬂects the important
role of Cr in rapid energy provision during muscle contraction
through the adenosine triphosphate (ATP)–PCr system [3]. Cr
also has recently been shown to exert antioxidant effects [4]., and ECF conducted the
ay and analyzed data. RD




ll rights reserved.Lawler et al [5] ﬁrst demonstrated that Cr acts as an antioxidant
scavenger, primarily against radical species. Subsequent studies
have demonstrated the protective effects of Cr against oxidative
stress in cultured cells [6,7], DNA and RNA damage [8,9], and
in in vivo experiments with rats [10–12]. Cr also has been shown
to have anti-inﬂammatory activity [13,14]. Bassit et al [14]
demonstrated that Cr supplementation prevented the increase
in proinﬂammatory cytokines induced by strenuous exercise in
humans. Thus, emerging in vitro and murine experimental data
show that Cr may act as a scavenger of radical species and have
anti-inﬂammatory activity. However, few studies demonstrating
these properties of Cr in humans, especially against inﬂamma-
tion and oxidative stress induced by acute exercise, have been
published. The objective of this study was to evaluate the effects
of Cr supplementation on oxidative stress and inﬂammatory
markers in humans exposed to acute sprint exercise.
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Participants
The volunteers participating in the present study were 25 healthy and well-
trained men from a Under-20 y soccer team in the city of Ribeirao Preto, S~ao
Paulo, Brazil. The general characteristics of the volunteers are presented in
Table 1. All volunteers belonged to the Ole Brasil soccer team and played in the
second division of the S~ao Paulo State Championship, training regularly 5
d a week, about 2 h a day. They were familiar with repeated-sprint training in
their training routine. The study was approved by the Research Ethics Committee
of the Faculty of Medicine of Ribeirao Preto, University of Sao Paulo and complied
with the declaration of Helsinki. All volunteers gave written informed consent to
participate. None of the participants smoked or was taking any type of
medication.Table 2
Habitual food and supplement intake (mean  SD)
Food and supplementation intake Reference
Pla Cr
Total calories (kcal) 2252.1  935.1 2343.5  849.3 *
Carbohydrates (g.kg1) 4.1  2.0 4.5  1.9 6–10 g.kg–1yDesign
Testing was performed weekly for 3 wk under the same conditions (day of
the week, time of day, and same place) during the presession period. In week 1,
after anthropometric data collection, the participants were familiarized with the
exercise scheme during study orientation (day 0). On the subsequent 2 test days
(days 7 and 14), subjects performed a running-sprint test. After the last running
test (day 14), venous blood sampling was performed before (pre) and 0 and 1 h
after the running test. The athletes were instructed not to exercise on the day
before the testing day.
The Running-based Anaerobic Sprint Test (RAST) was performed according to
Zagatto et al [15] twice with 2 min between tests in each week. RAST consisted of
six sprints at maximum speeds with intervals of 10 sec for recovery between
races. The test was performed on a grass ﬁeld using soccer shoes. Time to
complete each 35 m was recorded to determine average, maximum, and
minimum power as well as fatigue index. The order to complete the tests was
chosen randomly. Volunteers had access to water ad libitum during exercise. The
trials were completed after a warm-up of 20 min consisting of routine stretching
and low-intensity running exercises. The participants were instructed to main-
tain their training routine during the three test weeks.
Cr supplementationwas performed in a double-blind, randomized controlled
manner using Cr (0.3 g/kg1) or placebo (maltodextrin) tablets for 7 d (Ethika
Suplementos, Ribeir~ao Preto, S~ao Paulo, Brazil). One week of Cr supplementation
at 0.3 g/kg1 was chosen based on previous studies showing signiﬁcantly
increased plasma Cr and muscle-free and Cr phosphate [16,17]. Just after the
pre-RAST exercise protocol in week 2, the participants were divided randomly
into two groups: placebo (Pla, n ¼ 12) or Cr supplemented (Cr, n ¼ 13). A
container with Cr or placebo tablets was given to the participants with the exact
number of tablets for the 7 d of supplementation. Each container contained the
name and dosage of the supplementation for each of the participants. The coach
and researchers encouraged use of supplementation throughout the study
period.
Anthropometric and nutritional data
Each participant was invited to come to the laboratory at the beginning
of the week scheduled for the collection of anthropometric and nutritional
data. A scale with a coupled stadiometer (Filizola, Sao Paulo, Brazil) was used
to measure weight and height. Body fat was determined by bioelectrical
impedance (Biodynamics BIA 310E, Seattle, USA). The participants were
instructed to follow their habitual diet throughout the week and to ﬁll out
a food recall form for 3 non-consecutive days during the same week. The food
recall forms were analyzed using the Nutwin software (Unifesp, Escola
Paulista de Medicina, Sao Paulo, Brazil) to determine total intake of calories,
carbohydrates, proteins, lipids, and vitamins C, E, and A. The use of foodTable 1
General characteristics of the volunteers after 7 d of creatine or placebo
supplementation (n ¼ 25)
Placebo Creatine
Age (y) 17.4  1.2 17.1  1.4
Weight (kg) 72.1  6.5 73.3  8.3
Height (m) 1.79  0.1 1.79  0.1
BMI 22.5  1.3 22.8  1.8
Body fat (%) 14.5  2.2 15.6  3.8
VO2 max (mL.kg.min1) 53.6  4.7 54.7  5.7
BMI, body mass index
Values are reported as mean  SDsupplements also was recorded and added to the food recall form as part of
habitual intake (Table 2).
Blood sampling
In each case, 10 mL of venous blood (5 mL in heparinized tube and 5 mL in an
EDTA vacutainer tube) was collected. The tubes were kept in the dark and
refrigerated on ice until the end of the test and later centrifuged at 1000g for 15
min. Before centrifugation, a 50 mL aliquot of whole blood was added to 50 mL 1%
sodium ﬂuorite in Eppendorf tubes and stored at20C for later analysis of blood
lactate accumulation. Plasma and red blood cells (RBC) were separated and
stored in Eppendorf tubes at 80C for later analysis.
Biochemical analyses
Plasma Cr was assayed by the Jaffe reaction using a method described by
Deminice et al [10]. Blood lactate was assayed using a commercially available kit
from Labtest (Lagoa Santa, Minas Gerais, Brazil).
Plasma malondyaldeide (MDA) was determined by high-performance liquid
chromatography (UV/VIS SPD-20A SHIMADZU, Kioto, Japan) as described by
Nielsen et al. [18]. Reduced glutathione (GSH) and oxidized glutathione (GSSG)
were determined by the method of Rahman et al [19] using a RBC lysate. Ferric-
reducing antioxidant power (FRAP) was assayed in plasma by the method of
Costa et al [20]. Plasma creatine kinase (CK) and lactate dehydrogenase (LDH)
activities were determined using a commercially available kit from Labtest
(Lagoa Santa, Minas Gerais, Brazil).
RBC catalase (CAT) and glutathione peroxidase activities were determined by
measuring the decomposition of hydrogen peroxide at 230 nm, as proposed by
Aebi [21] and according to Paglia and Valentine [22], respectively. RBC superoxide
dismutase (SOD) activity was assayed using acommercially available kit from
Cayman Chemical Company (Item #706002, Ann Arbor, MI, USA). Hemoglobin
was determined using commercially available kit from Labtest (Laboa Santa,
Minas Gerais, Brazil).
Plasma tumor necrosis factor alpha (TNF-a) and C-reactive protein (CRP)
determined by competitive immunoassay using commercially available kits from
IMMULITE (DPC MedLab, Los Angeles, USA) and DPC IMMULITE 1000 immu-
noassay System (DPC MedLab, Los Angeles, USA).
Whole blood hematocrit and hemoglobin were measured to correct plasma
volume shifts [23]. The decrease in blood hemoglobin and hematocrit was
moderate but sufﬁcient to provoke a 13.5% and 4% decrease in plasma volume
0 and 1 h after the exercise test, respectively. All the biochemical analysis was
corrected by plasma volume shifts. All the assays were determined in duplicate.
The coefﬁcient of variation for the measurements was less than 7%.
Statistical analysis
Data are reported as mean  SD. Linear mixed-effects model was used to
detect possible differences between groups at the same time of blood collection
and possible differences in relation to time of blood collection (pre, 0 h and 1 h
after exercise) in the same group using SAS statistical package (version 8.2) (SAS
Institute Inc. Cary, NC, USA). The level of signiﬁcance was set at P < 0.05 in all
analyses.Carbohydrates (%) 45.8  14.1 48.6  11.9 y
Proteins (g.kg1) 1.3  0.5 1.5  0.5 1.2–1.7y
Proteins (%) 16.3  5.8 18.0  7.6 y
Lipids (%) 25.0  9.9 23.7  6.7 20–25%y
Vitamin A (mg) 318.4  234.7 313.6  212.6 625 mgz
Vitamin C (mg) 138.7  138.7 158.1  126.7 75 mgz
Vitamin E (mg) 8.2  4.9 9.3  5.4 12 mgz
ADA, American Dietetic Association; CHO, carbohydrate; Cr, creatinine; Pla,
placebo; VTC, vitamin C
* A range of energy expenditure values was calculated for energy recom-
mendation considering the minimum and maximum recommendations of the
ADA, 2000 for macronutrients (g/kg–1 for CHO and protein and % Lip of VTC).
y Position of the American Dietetic Association and American College of Sports
Medicine: Nutrition and Athletic Performance, 2000.
z Dietary Reference Intakes (DRIs–2005) for the remaining nutrients.
R. Deminice et al. / Nutrition 29 (2013) 1127–1132 1129Results
No signiﬁcant difference in age, body weight or height, body
mass index, percentage of body fat, or maximal oxygen
consumption was observed between groups after 7 d of placebo
or Cr supplementation (Table 1).
Almost all (96%) volunteers reported the use of carbohydrate
supplements during their training routines. No athlete reported
the use of vitamin complex supplements. Although no signiﬁcant
difference in habitual ingestion or supplementation was detec-
ted between the placebo and Cr groups, an inadequate average
intake of carbohydrates and vitamins A and E was detected
(Table 2).
Average, maximum, andminimumpower values were greater
in the Cr-supplemented group than in the placebo group. The
fatigue index did not differ between groups (Table 3).
Blood lactate concentrations were signiﬁcantly higher (P <
0.05) immediately after acute exercise than at other blood
sampling time points in both groups. Average concentrations of
blood lactate immediately after the repeated-sprint exercise in
the placebo (13.5 mmol/L) and Cr (13.7 mmol/L) groups charac-
terized the effort as intense and the exercise as predominantly
anaerobic. Cr supplementation did not alter blood lactate
concentrations after exercise (Fig. 1). As expected, the Cr-
supplemented group showed a signiﬁcant increase (P < 0.05)
in plasma Cr concentration (201%) compared with the placebo
group (Fig. 1).
In both groups, we found increased plasma MDA concen-
trations (placebo 17%; Cr 18%) at 0 h and FRAP (placebo 44%;
Cr 43%) at 1 h. We also observed lower RBC GSH concentrations
(placebo 30%; Cr 21%) at 0 h after exercise in both groups.
Cr supplementation did not inhibit the increased oxidative
stress induced by repeated-sprint exercise. The concentration of
plasma LDH, a muscle damage marker, was increased only in
the placebo group (28%) at 1 h after repeated-sprint exercise
(Table 4).
We also examined RBC antioxidant enzymes before and after
sprint exercise. Exercise signiﬁcantly increased CAT (placebo
18%; Cr 24%) and SOD (placebo 14%; Cr 20%) activities 1 h after
exercise. However, Cr supplementation did not change the
activities of these enzymes compared with the placebo group
(Table 4).
Figure 2 shows inﬂammatory mediator results obtained
before (0 h) and after (1 h) sprint exercise. In the placebo group,Table 3
Performance parameters determined pre- and post-7-days of placebo or creatine
supplementation (n ¼ 25)
Pre Post DChange
Average power (W)
Pla 426.7  51.3 461.4  48.1 44.1  21.3
Cr 453.5  76.2 531.2  94.2* 79.7  43.6y
Maximum power (W)
Pla 656.8  98.2 631.3  46.8 21.2  19.8
Cr 673.4  105.4 749.8  112.3* 42.9  27.6y
Minimum power (W)
Pla 274.1  46.5 314.1  66.7* 61.5  35.1
Cr 282.3  60.5 396.1  67.5* 113.8  49.5y
Fatigue index (W/s1)
Pla 5.4  1.2 4.3  0.9 10.7  6.7
Cr 5.7  1.2 4.2  2.4 12.6  7.5
Cr, creatinine; Pla, placebo
Values are reported as mean  SD
* signiﬁcant difference in relation to pre.
y signiﬁcant difference in relation to Pla (P < 0.05, Student’s t test).signiﬁcant increases (P< 0.05) in plasma TNF-a (0 h 89%; 1 h 46%)
and CRP (0 h 57%; 1 h 58%) were observed up to 1 h after acute
sprint exercise. Cr supplementation reversed these increased
levels of inﬂammationmarkers induced by acute exercise (Fig. 2).
Discussion
In this study, we examined the antioxidant and anti-
inﬂammatory capacities of Cr in humans exposed to acute
repeated-sprint exercise using short-term Cr supplementation.
Seven days of supplementation caused a signiﬁcant increase in
plasma Cr concentration that remained elevated after the exer-
cise protocol (Fig. 1). Our main ﬁndings were:
1. The repeated-sprint exercise protocol increased levels of
oxidative stress markers and antioxidant enzyme activity, as
well as levels of inﬂammatory mediators in plasma and RBC;
2. Cr supplementation inhibited increases in TNF-a and CRP
levels and LDH activity induced by acute exercise; andFig. 1. Blood lactate accumulation determined before (pre) and after (0 and 1 h)
a repeated-sprint test for placebo or creatine-supplemented groups (A); a, indicates
a signiﬁcant difference in relation to pre; b, indicates a signiﬁcant difference in
relation to 0h. (P < 0.05 by linear mixed-effects model). Plasma creatine before
(pre) and after (post) 7-d of placebo (black points) or creatine (gray points)
supplementation (B). (–) values are reported as mean; * indicates a signiﬁcant
difference in relation to the experimental group at the same of blood collection (P <
0.05 by linear mixed-effects model).
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soccer players, but did not reduce the oxidative stress
induced by acute sprint exercise.
Acute exercise may increase levels of lipid peroxidation
markers and impair the antioxidant defense system [24], as well
as elevate levels of inﬂammation markers [14]. In the current
study, we demonstrated changes in oxidative stress and muscle
damage markers in response to two RAST sessions. Post-exercise
blood lactate concentrations in both groups conﬁrmed that this
protocol successfully promoted increases in levels of oxidative
stress markers and challenged the antioxidant system.
In this study, we observed important and novel effects of
Cr supplementation on inﬂammatory markers. As expected,
repeated-sprint exercise provoked a proinﬂammatory response,
demonstrated by increased TNF-a and CRP levels; 7 d of Cr
supplementation inhibited these increases. Cr supplementation
also prevented increased LDH activity induced by repeated-sprint
exercise. Nomura et al [13] found that 5 mmol/L1 Cr treatment
signiﬁcantly suppressed neutrophil adhesion and inhibited the
expressions of intercellular adhesion molecule 1 and E-selectin
induced by TNF-a in endothelial cells in vitro. These authors
concluded that Cr has anti-inﬂammatory activities against endo-
thelial cells. Santos et al. [25] found that 5 d of Cr supplementation
(20 g/kg1) reduced TNF-a and prostaglandin E2 (PGE2) levelsTable 4
Oxidative stress markers, red blood cells antioxidant enzyme activity and muscle
damage markers determined before (pre) and after (0 and 1 h) repeated-sprint
exercise after 7-d of placebo or creatine supplementation (n ¼ 25)
Pre 0 h 1 h
Oxidative stress markers
Plasma MDA (mmol/L–1)
Pla 1.33  0.13 1.53  0.19* 1.42  0.20
Cr 1.34  0.21 1.58  0.19* 1.48  0.16
RBC GSH (mmol/g Hb–1)
Pla 264.9  65.6 163.9  32.5* 187.8  46.9
Cr 267.7  45.5 175.6  65.5* 211.7  65.8
GSH/GSSG
Pla 5.43  2.33 4.67  2.31 4.45  2.11
Cr 5.69  2.71 4.80  2.34 3.90  1.65
Plasma FRAP (mmol/L–1)
Pla 887.2  147.5 792.5  129.1 1283.6  212.7*,y
Cr 860.4  161.4 807.7  140.6 1241.5  192.3*,y
Antioxidant enzyme activity
RBC CAT (kU/g Hb–1)
Pla 5.71  0.75 6.55  0.99* 6.77  0.91*
Cr 5.66  0.96 6.67  1.13* 7.04  1.45*
RBC SOD (U/g Hb–1)
Pla 472.6  31.3 491.2  33.7 538.6  42.3*
Cr 454.7  36.3 531.1  58.6* 546.6  55.7*
RBC GPx (U/g Hb–1)
Pla 51.7  2.1 57.5  5.3 54.4  6.4
Cr 54.6  3.6 64.3  9.6 61.8  10.6
Muscle damage markers
Plasma CK (U/L–1)
Pla 446.3  298.4 404.4  222.4 427.3  254.5
Cr 506.7  352.7 541.1  356.7z 524.1  316.4z
Plasma LDH (U/L–1)
Pla 122.8  26.5 113.23.1 156.6  36.6*
Cr 115.4  31.8 118.2  24.3 122.1  30.22
Cr, creatinine; FRAP, ferric-reducing ability of plasma; GPx, glutathione peroxi-
dase; GSH, glutathione; GSSG, oxidized glutathione; Hb, hemoglobin, MDA,
malondialdehyde; RBC, red blood cell; Pla, placebo; CAT, catalase; CK, creatine
kinase; LDH, lactate dehydrogenase; SOD, superoxide dismutase Values are re-
ported as mean  SD
* a signiﬁcant difference in relation to pre.
y a signiﬁcant difference in relation to 0h.
z a signiﬁcant difference in relation to the experimental group at the same
time of blood collection (P < 0.05 by the linear mixed-effects model).
Fig. 2. Plasma TNF-a (A) and C-reactive protein (B) determined before (pre) and
after (0 and 1 h) a repeated-sprint test after 7-d of placebo (black points) or creatine
(gray points) supplementation. (–) values are reported as mean. (P < 0.05 by linear
mixed-effects model).compared with placebo after a 30-km race. They reported that
TNF-a and PGE2 are related to an inﬂammatory environment and
have been implicated in the sensation of pain and reducedmuscle
functioncausedbystrenuousexercise. Bassitet al [14] showed that
increases in TNF-a, interferon-a, interleukin-1b, and PGE2 were
markedly reduced in a Cr-supplemented (20 g/kg1 for 5 d) group
comparedwith aplacebogroupat24and48hafterahalf-ironman
competition. More recently, Bassit et al [26] demonstrated that Cr
supplementation prevented increases in CK, LDH, and aldolase
activity, but not in CRP levels, in humans and rats with strenuous
contractile activity-induced damage. Taken together, these results
suggest that Cr has anti-inﬂammatory properties. However, the
present study was the ﬁrst to document the anti-inﬂammatory
properties of Cr after acute anaerobic sprint exercise.
The mechanism by which Cr inhibits inﬂammatory mediator
is poorly understood. Nomura et al [13] attributed the anti-
inﬂammatory capacity of Cr to the increases in intracellular
energy pools resulting from Cr supplementation. Endothelial
cells have been reported to release ATP during acute inﬂamma-
tion or shear stress [27]. Thus, Cr may enhance ATP release by
increasing Cr phosphate content, resulting in anti-inﬂammatory
activity through the adenosine A2A receptor [13]. Bassit et al [14]
speculated that Cr supplementation might reduce muscle cell
death and, consequently, the inﬂammatory process as a whole.
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supplementation can increase cell hydration and membrane
stabilization [3], as well as prevent lipid peroxidation and
cell damage [4], which may be involved in the inﬂammation
process.
Our results partially refuted the study hypothesis that Cr
could act as an antioxidant in humans. Since Lawler et al [5] ﬁrst
demonstrated the direct scavenging effects of Cr on superoxide
anion, peroxynitrite, and 2,20-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid), several in vitro [5–9] and in vivo [10–12] studies
in rodents have demonstrated the antioxidant capacity of Cr.
Sestili et al [7] demonstrated that Cr has direct antioxidant
activity via a scavenger mechanism in cultured cells exposed to
different oxidative agents. Studies have also shown the protec-
tive effects of Cr exposure on oxidatively injured mitochondrial
DNA [8] and against RNA-damaging agents [9]. More recently,
rodent models have demonstrated the antioxidant effects of Cr.
Deminice et al [10] demonstrated the capacity of Cr supple-
mentation (2% in the diet for 4 wk) to reduce levels of homo-
cysteine and lipid peroxidation markers in rats. Acute exercise
was shown to increase thiobarbituric acid-reactive substances
and total lipid hydroperoxides in rat plasma and muscle, and to
reduce the GSH/glutathione disulﬁde (GSSG) ratio in soleus
muscle; 4 wk of 2% Cr supplementation inhibited these pertur-
bations [11]. Guimar~aes-Ferreira et al [12] demonstrated that
short-term Cr supplementation (5 g/d for 6 d) reduced reactive
oxygen species (ROS) content in rat skeletal muscle despite the
absence of changes in antioxidant enzymes. These authors
concluded that their results supported evidence for the direct
role of Cr as an ROS scavenger. However, these results should be
extrapolated to humans with caution.
Few studies have examined the antioxidant effects of Cr in
humans [28,29], and conﬂicting ﬁndings have been reported.
Kingsley et al [28] showed that short-term Cr supplementation
(20 g/d for 5 d) was ineffective in attenuating the plasma
oxidative stress induced by acute cycling exercise. In contrast,
Rahini et al [29] found that Cr supplementation (5 g Cr mono-
hydrate, four times a day for 7 d) attenuated the changes induced
byacute resistance exercise in urinary 8-hydroxydeoxyguanosine
excretion and plasma MDA levels. Thus, studies in humans have
not completely reproduced the protective effects of Cr against
oxidative stress observed in vitro and in murine studies.
Deminice et al [11] found that the protective effects of Cr in
plasma differed from those observed in muscle, which they
explained based on the large difference in Cr retention between
these tissues (198% in plasma versus 10% in muscle). Although
the current supplementation regime has been shown to “load”
muscle cells to threshold levels [1,15], a major limitation of the
present study was the lack of Cr concentration measurement
in skeletal muscle. Also, oxidative stress markers as well as
inﬂammatory data from muscle should be used to clarify the
tissue-speciﬁc effects of Cr supplementation. Further studies
are necessary to elucidate the protective effects of Cr supple-
mentation on plasma and muscle in humans exposed to acute
exercise.
Conclusion
Our results show that 7 d of Cr supplementation inhibited
increased TNF-a and CRP levels and LDH activity induced by
acute exercise. These novel ﬁndings suggest that Cr has anti-
inﬂammatory effects. Cr supplementation was insufﬁcient to
prevent oxidative stress induced by acute repeated-sprint exer-
cise; this result differs from previous reports of Cr’s antioxidantactivity in in vitro and animal experiments [5,7,11]. Thus,
more studies are necessary to conﬁrm the antioxidant and
anti-inﬂammatory effects of Cr supplementation in humans.Acknowledgments
This study was supported by Brazilian grants from Coor-
denac¸~ao de Aperfeic¸oamento de Pessoal de Ensino Superior –
Capes; Conselho Nacional de Desenvolvimento Cientıﬁco
e Tecnologico – CNPq.
The authors acknowledge the Ole Brasil soccer team for
collaboration and Ethika Suplementos for providing creatine and
placebo tablet supplements.References
[1] Harris RC, Söderlund K, Hultman E. Elevation of creatine in resting and
exercised muscle of normal subjects by creatine supplementation. Clin Sci
(Lond) 1992;83:367–74.
[2] Cooper R, Naclerio F, Allgrove J, Jimenez A. Creatine supplementation with
speciﬁc view to exercise/sports performance: an update. J Int Soc Sports
Nutr 2012;20:33.
[3] Wyss M, Schulze A. Health implications of creatine: can oral creatine
supplementation protect against neurological and atherosclerotic disease?
Neuroscience 2002;112:243–60.
[4] Sestili P, Martinelli C, Colombo E, Barbieri E, Potenza L, Sartini S, et al.
Creatine as an antioxidant. Amino Acids 2011;40:1385–96.
[5] Lawler JM, Barnes WS, Wu G, Song W, Demaree S. Direct antioxidant
properties of creatine. Biochem Biophys Res Commun 2002;290:47–52.
[6] Lenz H, Schmidt M, Welge V, Schlattner U, Wallimann T, Elsässer HP, et al.
The creatine kinase system in human skin: protective effects of creatine
against oxidative and UV damage in vitro and in vivo. J Invest Dermatol
2005;124:443–52.
[7] Sestili P, Martinelli C, Bravi G, Piccoli G, Curci R, Battistelli M, et al. Creatine
supplementation affords cytoprotection in oxidatively injured cultured
mammalian cells via direct antioxidant activity. Free Radic Biol Med
2006;40:837–49.
[8] Guidi C, Potenza L, Sestili P, Martinelli C, Guescini M, Stocchi L, et al.
Differential effect of creatine on oxidatively-injured mitochondrial and
nuclear DNA. Biochim Biophys Acta 2008;1780:16–26.
[9] Fimognari C, Sestili P, Lenzi M, Cantelli-Forti G, Hrelia P. Protective effect of
creatine against RNA damage. Mutat Res 2009;670:59–67.
[10] Deminice R, Portari GV, Vannucchi H, Jordao AA. Effects of creatine
supplementation on homocysteine levels and lipid peroxidation in rats. Br J
Nutr 2009;102:110–6.
[11] Deminice R, Jordao AA. Creatine supplementation reduces oxidative stress
biomarkers after acute exercise in rats. Amino Acids 2012;43:709–15.
[12] Guimar~aes-Ferreira L, Pinheiro CH, Gerlinger-Romero F, Vitzel KF, Nachbar RT,
Curi R, et al. Short-term creatine supplementation decreases reactive oxygen
species content with no changes in expression and activity of antioxidant
enzymes in skeletal muscle. Eur J Appl Physiol 2012;112(11):3905–11.
[13] Nomura A, Zhang M, Sakamoto T, Ishii Y, Morishima Y, Mochizuki M, et al.
Anti-inﬂammatory activity of creatine supplementation in endothelial cells
in vitro. Br J Pharmacol 2003;139:715–20.
[14] Bassit RA, Curi R, Costa Rosa LF. Creatine supplementation reduces plasma
levels of pro-inﬂammatory cytokines and PGE2 after a half-ironman
competition. Amino Acids 2008;35:425–31.
[15] Zagatto AM, Beck WR, Gobatto CA. Validity of the running anaerobic sprint
test for assessing anaerobic power and predicting short-distance perfor-
mances. J Strength Cond Res 2009;23:1820–7.
[16] Hultman E, Söderlund K, Timmons JA, Cederblad G, Greenhaff PL. Muscle
creatine loading in men. J Appl Physiol 1996;81:232–7.
[17] Derave W, Marescau B, Vanden Eede E, Eijnde BO, De Deyn PP, Hespel P.
Plasma guanidino compounds are altered by oral creatine supplementation
in healthy humans. J Appl Physiol 2004;97:852–7.
[18] Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean P. Plasma
malondialdehyde as biomarker for oxidative stress: reference interval and
effects of life-style factors. Clin Chem 1997;43:1209–14.
[19] Rahman I, Kode A, Biswas SK. Assay for quantitative determination of
glutathione and glutathione disulﬁde levels using enzymatic recycling
method. Nat Protoc 2006;1:3159–65.
[20] Costa CM, Dos Santos RCC, Lima E. A simple automated procedure for thiol
measurement in human and serum samples. Braz J Pathol Lab Med
2006;42:345–50.
[21] Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121–6.
[22] Paglia DE, Valentine WN. Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase. J Lab Clin Med
1967;70:158–69.
R. Deminice et al. / Nutrition 29 (2013) 1127–11321132[23] Dill DB, Costill DL. Calculation of percentage changes in volumes of
blood, plasma, and red cells in dehydration. J Appl Physiol
1974;37:247–8.
[24] Bloomer RJ. Effect of exercise on oxidative stress biomarkers. Adv Clin
Chem 2008;46:1–50.
[25] Santos RV, Bassit RA, Caperuto EC, Costa Rosa LF. The effect of creatine
supplementation upon inﬂammatory and muscle soreness markers after
a 30km race. Life Sci 2004;75:1917–24.
[26] Bassit RA, Pinheiro CH, Vitzel KF, Sproesser AJ, Silveira LR, Curi R. Effect of
short-term creatine supplementation on markers of skeletal muscledamage after strenuous contractile activity. Eur J Appl Physiol
2010;108:945–55.
[27] Bodin P, Burnstock G. Increased release of ATP from endothelial cells during
acute inﬂammation. Inﬂamm Res 1998;47:351–4.
[28] Kingsley M, Cunningham D, Mason L, Kilduff LP, McEneny J. Role of creatine
supplementation on exercise-induced cardiovascular function and oxida-
tive stress. Oxid Med Cell Longev 2009;2:247–54.
[29] Rahimi R. Creatine supplementation decreases oxidative DNA damage
and lipid peroxidation induced by a single bout of resistance exercise. J
Strength Cond Res 2011;25:3448–55.
